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NOTATION

CONVENTIONAL SYMBOL APPEARING DEFINITION
SYMBOL ON PLOTS

AN COS COEF The cosine coefficient of the N-

harmonic*

th

% SIN COEF The sine coefficient of the N-
harmor.ic*

C C Pressure reading at center hole of

5-hole pitot tube

D -- Propeller diameter

3 3V  Apparent advance coefficient JV
(dimensionless) -D

N N Harmonic number

n Propeller revolutions

P P Pressure

r/R or x Radius or RAD. Distance (r) from the propeller axis
expressed as a ratio of the propeller

radius (R)

R R Reynolds number

Ri, R2 Ri, R2 Pressure reading at radial holes of

5-hole pitot tube

Ti, T2 Ti, T2 Pressure reading at tangential holes
of 5-hole pitot tube

U/U. U/U. Non-dimensional longitudinal velocity

measured by means of boundary layer

pitot tubes

V V Actual model or ship velocity

Vb(X,8)  Resultant inflow velocity to blade
b ) for a given point

Vb() Mean resultant inflow velocity to
blade for a given radius

V r(x,) VR Radial component of the fluid velocity
for a given point (positive toward the

(*see footnote on page xviii) shaft centerline)
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NOTATION (CONTINUED)

CONVENTIONAL SYMBOL APPEARING DEFINITION
SYMBOL ON PLOTS

V r(X) Mean radial velocity component for a
given radius

V r(x,)/V VR/V Radial velocity component ratio for a
given point

V r(x)/V VRBAR Mean radial velocity component ratio

for a given radius

Vt(xe) VT Tangential component of the fluid
velocity for a given point (positive

in a counterclockwise direction

looking forward)

V t(x) Mean tangential velocity component
for a given radius

Vt(xe)/V VT/V Tangential velocity component ratio
for a given point

V t(x)/V VTBAR Mean tangential velocity component
tratio for a given radius

(Vt (x)/V)N AMPLITUDE Amplitude (BN for single screw

symmetric; CN otherwise) of Nth
harmonic of the tangential velocity
component ratio for a given radius*

Vx (x,) VX Longitudinal (normal to the plane of
survey) component of the fluid velocity
for a given point (positive in the
astern direction)

V (x) Mean longitudinal velocity component
for a given radius

V (X,e)/V VX/V Longitudinal velocity component ratio
X for a given point

V (x)/V VXBAR Mean longitudinal velocity component
ratio for a given radius

(q x()/V)N AMPLITUDE Amplitude (AN for single screw
symmetric; CN otherwise) of Nth

harmonic of the longitudinal velocity
component ratio for a given radius*
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NOTATION (ONTINUED)

CONVENTIONAL SYHBOL APPEARING DEFINITION
SYMBOL ON PLOTS

x/LwL x/LWL Non-dimensional longitudinal location

of boundary layer pitot tubes

ON PHASE ANGLE Phase angle of Nth harmonic*

The harmonic amplitudes of any circumferential velocity distribution

f (8) are the coefficients of the Fourier Series:

f() = A° + AN cos (NO) + - B N sin(NB)

- AO + CN sin(NO + 0N)
Nt
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NOTATION (CONTINUED)

CONVENTIONAL SYMBOL APPEARING DEFINITION j
SYMBOL ON PLOTS

1-v(x) 1-W] Volumetric mean velocity ratio

from the hub to a given radius

r/R

2 • (V (x)/v) •x- dx

I-w(r/R) 2 c

r hub2/R

(r/R) 2 (rhub/R) 2

Vt

where V (x)/V d9

and V (x,)/V = (V (X, 9 )/V)
x x
C

-(V (x,e)/V) tan ($(x,G))

1-v_(x) I-WVX Volumetric mean velocity ratio from
the hub to a given radius (without the

tangential velocity correction)

r/R '

2 (V (x)/V) x dx

1-w(r/R) r
rhub

(rlR) - (rhub/R)2

(x.0) Advance angle in degrees for a given
point

1(x) BEAR Mean advance angle in degrees for a
given radius

+A$ BPOS Variation of the maximi:,s aJAa.ie angle

from the mean for a given radius
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NOTATION (CONTINUED)

-A BNEG Variation of the minimum advance

angle from the mean for a given radius

Angle in degrees Position angle (angular coordinate)

in degrees

V vx/v

Plane of

Propeller
iT X/ V4

VELOCITY DIAGRAM OF BETA ANGLES

ENGLISH/SI EQUIVALENTS

ENGLISH SI

1 inch 25.400 millimetres [0.0254 m (metres]

1 foot 0.3048 m (metres)

1 foot per second 0.3048 m/sec (metres per second)

1 knot 0.5144 m/sec (metres per second)

1 degree (angle) 0.01745 rad (radians)

1 inch Water (600F) 248.8 pa (pascals)
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ABSTRACT

A series of wake survey experiments were
conducted on Model 5365 representing the R/V
ATHENA in the DTNSRDC towing tank. Longitudinal,
tangential, and radial velocity components for
experiments at model speeds of 2.87 knots (1.48 m/s),
5.22 knots (2.68 m/s), 6.96 knots (3.58 m/s), and
13.5 knots (6.94 m/s) are presented. Several compari-
sons are made between wake surveys with different
water depths, trims, and speeds. A comparison between
full-scale and model-scale towing tank wake survey
measurements is also presented. Harmonic analyses
of the circumferential distributionof the velocity
component ratios were performed on the model experi-
mental data and Lhe results are reported herein.

ADMINISTRATIVE INFORMATION

This work was performed under the Controllable Pitch Propeller

Research Program sponsored by the Naval Sea Systems Command (NAVSEA 05R)

and administered by the David W. Taylor Naval Ship R&D Center (DTNSRDC).

The project was funded under Task Area S0379001 and DTNSRDC Work Unit

Numbers 1524-641 and 1524-684.

INTRODUCTION

The David W. Taylor Naval Ship R&D Center (DTNSRDC) conducted a

full-scale wake survey aboard the R/V ATHENA as part of its overall pro-

ject to adapt controllable pitch propellers to high speed combatant ships.

The primary project goal was to obtain propeller disk velocity component

ratios in the wake of a full-scale ship. A description of the R/V ATHENA

full-scale measurements, instrumentation, trial procedures, and measured
1data was presented by Day et al. The full-scale propeller disk measure-

ments were followed by model wake survey experiments in a wind tunnel and

a towing tank. The wind tunnel experiments and correlation with full-scale
i 2

measurements were presented by Hurwitz and Jenkins.

A series of wake surveys were conducted on Model 5365 representing

the R/V ATHENA in the towing tank at DTNSRDC. The velocity component

iReferences are listed on page 13.



ratios were measured at radii corresponding exactly to the full-scale wake

survey radii, allowing a direct one-to-one comparison between model and

full-scale data. These experiments were designed to evaluate the differences

in the model wake in the starboard propeller plane with and without the port

propeller operating. The initial wake survey was conducted at a model speed

corresponding to the Froude-scaled speed of the ship without the operating

propeller. The model propeller was removed from the shafting and replaced

by a dummy hub during the wake surveys. The initial model correlation data

with the R/V ATHENA data were not particularly good. Additional wake surveys

were run to try to improve the model correlation by varying the sDeed with

and without the port propeller operating.

The effects of Reynolds number were investigated on the model-scale

wake by running at an increased speed. The speed chosen was the highest

speed for which steady data could be obtained. These variations made no

significant improvement in the correlation of the tangential velocity

components.

In addition, wake surveys were conducted with and without the Bass

Dynamometer Boat, Model 5271, mounted behind Model 5365. This information

was needed for the Bass Dynamometer Boat effect on the flow into the

propeller disk area. The results of these Bass Dynamometer Boat wake

surveys will be presented in a future report.

Finally, in an attempt to further improve the correlation of model-

and full-scale data, another group of experiments was run to investigate

the water depth and trim effects on the R/V ATHENA. These wake surveys

were conducted in deep water, and at a water depth scaled to the full-

scale trial water depth. The term shallow water will be used only to

differentiate between the scaled water depth and the normal (deep) water

depth used experimentally in this report. Shallow water can change the

wave system due to the model and possibly affect the flow pattern around

the model hull.

The results of the model wake survey conducted on Model 5365

representing the R/V ATHENA in deep and shallow water are also presented

in this report. Comparisons are made between the shallow and deep water

wake surveys with different speeds and trims. Full-scale data are

presented as a comparison with the data obtained from the towing tank
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experiments.

DESCRIPTION OF MODEL AND INSTRUMENTATION

Model 5365, representing the R/V ATHENA, was constructed of fiber-

glass having a scale ratio of one to 8.25. The model principal dimensions

are listed with the ship dimensions in Table 1. During the wake survey

experiments, the model was appended with shafts, main Vee-struts, roll

stabilizer fins, and a centerline skeg. Model rudders were not installed

during the first group of experiments. Figure 1 shows the body plan and

bow and stern profiles of the model.

The full-scale parameters for the model experiments were at a

displacement of 263 tons (267 metric ton) salt water and a mean draft of

5.63 feet (1.72 meters). The velocity surveys were conducted in the

propeller plane located 146.2 feet (44.56 meters) aft of the forward

perpendicular on the starboard shaft. Figure 2 shows a drawing of the

Controllable Pitch Propeller.

The full-scale propeller disk was six feet (1.83 meters) in diameter.

The radii at which the measurements were made were expressed as ratios of

the propeller radius (r/R), and were 0.456, 0.633, 0.781, and 0.963 as

shown in Figure 3. The model details during the deep water wake survey

experimenLs are shown in Figures 4 through 7. The photographs indicate

the relationship of the pitot tube rake, in the propeller plane, to the

hull and its appendages for these wake surveys.

Figures 8 through 10 present the model details for the shallow water

wake surveys. During these experiments, Model 5365 was appended with the

port rudder and starboard strut barrel extension to better represent the

R/V ATHENA configuration. Wave profiles for a ship speed corresponding

to 15 knots (7.72 m/s) full-scale in shallow and deep water from Experiments

19 and 21 are shown in Figures 11 through 14.

The shape of the pitot tube rake was such that the rake could possibly

change the hull trim or heel while the model was towed. In order to insure

the proper trim throughout an individual or group of similar experiments,

the model was locked into either a deep water trim as in Experiments 1

through 12, or the shallow water trim for Experiments 17 through 22.
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The model wake measurement system consisted of the rake, a set of four

differential pressure gages, a stepping motor, and an angle indicator.

Experiments I through 16 had one set of gages and Experiments 17 through

22 had two sets. The base pressure for each tube was the center hole. A

description of the use and calibration of five-hole pitot tubes is given

3 4by Hadler and Cheng , Hale and Norris , and Pien5 . The carriage computer

integrated, over a 5-second period, the four pressure signals from each

pitot tube, the model speed, and the angular rake position. Digital

voltmeters and frequency counters were used to monitor the values obtained

by the computer. The pressure data were collected and processed according

to established procedures.

The first phase of the data analysis consists of changing the pressure

data into velocity component ratios. The velocity cumponent ratios are

double interpolated in both the radial and circumferential directions.

This process yields interpolated data at every 2.5 degrees (0.044 radian)

for the experimental radii and any additional selected radii. The second

phase consists of a harmonic analysis of these interpolated data which

determines a Fourier Series, with the results presented as amplitudes

and phase angles of a sine series.

EXPERIMENTS

The experimental program consisted of a series of twenty-two

experiments in deep and shallow water performed in two phases. Phase

one wake measurements were made on the starboard shaft with and without

the port propeller operating. These included Experiments 1 through 16

which were conducted in deep water at the static initial trim of 0.58 feet

(0.18 meters) full-scale by the stern without rudders fitted to the model.

The calibration of the pressure gages and a check-out of the entire

measurement system was Experiment 1. Experiments 2, 3, 4, 5, 6, 8, 9, and

10 were deep water wake survey experiments for model speeds of 2.87 knots

(1.48 m/s), 5.22 knots (2.68 m/s), 6.96 knots (3.58 m/s), and 13.5 knots

(6.94 m/s). Experiment 7 was a short check of values obtained in Experiment

2. Wake survey experiments conducted with the bass dynamometer boat and

Model 5365 with a wake screen at various inclined angles were designated

Experiments 11 through 16. The results from Experiments 10 through 16

4



will be presented in a separate report.

In phase two, Experiments 17 through 22 were performed with the model

ballasted to a static initial trim of 0.58 feet (0.18 meters) full-scale

by the stern. The model was then run in shallow water at the desired

speed, allowed to assume a shallow water running trim, and locked in place

at this shallow water trim. Experiment 17 consisted of the calibration

of the pressure gages and Experiment 18 was a shallow and deep water wake

survey for four radii at twenty degree (0.349 radian) increments around

the propeller disk. Experiments 20 and 22 were run in deep water only

for two radii for a full disk and twenty degree (0.349 radian) increments,

respectively. Experiment 19 was a wake survey in deep water at the

shallow water trim setting and Experiment 21 was a wake survey in shallow

water at the shallow water trim setting. Table 2 presents the experimental

program with notes identifying each specific wake survey experiment.

Variations in model speed, trim setting, with or without port propeller,

and water depth for each experiment are included in this table.

PRESENTATION OF RESULTS OF VELOCITY SURVEYS

PHASE ONE - EXPERIMENTS 2, 3, 4, 5, 6, 7, 8, AND 9

The velocity component ratios were measured at radii corresponding

exactly to the full-scale wake survey on the R/V ATHENA. This allowed a

direct one-to-one comparison of the data as presented in Reed and Day 6 .

Experiments 2, 7, and 8 were performed at a 5.22 knot (2.68 m/s) speed,

corresponding to a Froude-scaled speed of 15 knots (7.72 m/s) full-scale.

Experiments 2 and 7 were performed without the port propeller. Experiment

7 was an abbreviated repeat of Experiment 2. Experiment 3 was performed

without the operating port propeller.

Appendices A and F present the velocity component ratios from

Experiments 2, 7, and 8. Composite plots have been produced which show

Experiments 2 and 8, along with the full-scale data on one grid. These

composite plots presented in Figures 15 through 18 show the effect of the

operating propeller on the velocity components for the four experimental

radii.

Experiment 3 was conducted at a model speed of 6.96 knots (3.58 m/s)

without the port propeller. Experiment 9 was a check of Experiment 3 with
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data obtained at least every 45 degrees (0'.785 radians). The results of

Experiments 3 and 9 are shown in Appendix B.

Experiment 4 investigated the effect of Reynolds number on the model

wake. This wake survey was run at a speed of 13.5 knots (6.94 m/s) without

the port propeller. This was the highest speed for which steady state

data could be obtained. The trim was locked at the running trim assumed

at the 5.22 knot (2.68 m/s) speed. This experiment also investigated the

scaling laws of wake as close to full-scale conditions as possible. The

data from this wake survey, Experiment 4, are presented in Appendix C.

The velocity component ratios from Experiment 2 at 5.22 knots (2.68 m/s)

and Experiment 4 at 13.5 knots (6.94 m/s) have been plotted together and

are presented in Figures 21 through 24.

Wake survey Experiments 5 and 6 were run at a model speed of 2.87 knots

(1.48 m/s) with and without the port propeller operating. Appendices D

and E present the data for Experiments 5 and 6, respectively.

Harmonic analyses have been performed on the longitudinal and

tangential velocity component ratios for the experiments of phase one.

Figures 19, 20, 25, and 26 have been prepared as composites which show the

results of Experiments 2 and 8, and 2 and 4. Tables of the individual

harmonic amplitudes and phase angles are presented in Appendices A, B, C,

D, E, and F for Experiments 2 and 7, 3 and 9, 4, 5, 6, and 8, respectively.

In each of these appendices, the complete set of sixteen harmonics

calculated for each experiment are presented for the four experimental

radii and eight interpolated radii.

The mean longitudinal (VXBAR), tangential (VTBAR), radial (VRBAR)

component ratios of the velocity vectors, and the volumetric mean wake

velocity ratio (I-WX) are presented in each Appendix. These quantities

except the radial component (VRBAR) are also shown graphically in each

Appendix.

The calculated mean values of the advance angle (BBAR), and the

maximum variations thereof (BPOS) and (BNEG) are shown in tables and

figures plotted as a function of radius in the Appendices. The advance

angles were calculated using an advance coefficient, JV' of 0.739. A

diagram showing the relationship between the longitudinal and tangential

6



velocity vectors, the advance coefficient, and the advance angles is

presented on page xx.

PHASE TWO - EXPERIMENTS 19 AND 21

Wake survey experiments were conducted in shallow and deep water at

the shallow water trim setting. Experiments 19 and 21 were run from west

to east on Carriage One at a model speed of 5.22 knots (2.68 m/s) with the

propeller operating. The RIV ATHENA trial depth of 55.7 feet (17.0 meters)

was determined from a Coast and Geodetic Survey Chart and could be

considered less than "deep water." The corresponding model-scale water

depth was 6.75 feet (2.06 meters). The data from Experiments 19 in deep

water and 21 in shallow water are presented in Appendices G and H,

respectively. Experiment 21 data have an integration time of one second

at three locations in the shallow water basin. These points were at

90 feet (27.4 meters), 60 feet (18.3 meters), and 30 feet (9.14 meters)

from the end of the shallow water basin. The data from Experiments 8, 19,

and 21 have been plotted together in Figures 27 through 30 to show the

effects of shallow water and shallow water trim.

Harmonic analyses of the circumferential distribution of the

longitudinal and tangential velocities have been performed. The amplitudes

and phase angles for the experimental and interpolated radii are shown in

tabular form in Appendices G and H. Circumferential mean velocity component

ratios, volumetric mean velocities and the advance angles for each survey

are presented in both tabular and graphical form in these Appendices.

Figures 31 and 32 present the composite results of the harmonic analyses

of Experiments 8, 19, and 21. The advance angles were calculated using an

advance coefficient, JV* of 0.739.

DISCUSSION OF RESULTS

ACCURACY OF INSTRUMENTATION

The measurement system used in these velocity surveys has been

described by Grant and Lin7 . The accuracy of the pressure transducer

system is approximately plus or minus three hundredths of an inch of water

pressure (7.5 pascal). The accuracy of the entire velocity survey

apparatus is estimated to be + 1 percentage point on the longitudinal

7
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velocity component ratio (VX/V), except in areas where steep velocity

gradients occur. In these areas, such as behind a shaft strut, the accuracy

is significantly less.

EFFECT OF HIGHER MODEL SPEED - EXPERIMENTS 2 AND 4

The data from the wake surveys at 5.22 knots (2.68 m/s), Experiment 2,

and 13.5 knots (6.94 m/s), Experiment 4, are presented in Figures 21 through

26. The longitudinal and radial velocity component ratios at these two

speeds show no significant difference except at the 0.781 radius. This

may be due to the roll stabilizer fins not being properly aligned at

the higher speed. The tangential velocity component ratios obtained from

Experiment 4 have peaks which are 4 to 6 percent lower than those obtained

from Experiment 2. The VXBAR shows the same trend, but with a higher

value at the 0.781 radius for Experiment 4 than for Experiment 2. The

VTBAR, 1-WX, and 1-WVX values are all the same.

EFFECT OF OPERATING PORT PROPELLER - EXPERIMENTS 2 AND 8

No significant differences were observed with the longitudinal and

radial velocity component ratios of both these experiments. Generally,

however, the longitudinal velocity component ratios are higher for

Experiment 8 than Experiment 2 especially for the outer two radii - which

would be affected more by the propeller operating on the port side. The

tangential velocity component ratios for all four radii of Experiment 8 are

lower than those from Experiment 2 from 80 to 240 degrees. Except at the

extrapolated values for VXBAR, VTBAR, I-WX, and I-WVX near the hub, the

two experiments show no significant differences.

EFFECT OF SHALLOW WATER AND STRUT BARREL - EXPERIMENTS 8, 19, AND 21

As previously stated, the experimental set-up of Experiments 19 and

21 differed from that of Experiment 8 by the extension of the starboard

strut barrel and the addition of the port rudder. The results from

Experiments 19 and 21 indicate that there are no appreciable differences

in the wake due to the water depth of the towing tank at the same trim

setting. However, the setting of the shallow water trim does affect the

results of the wake survey conducted in deep water. The three velocity
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components from Experiments 19 and 21 show differences when compared to

those of Experiment 8. The longitudinal velocity component ratios are

lower for Experiments 19 and 21 than those for Experiment 8, except for the

0.781 radius ratio. The tangential velocity component ratios are generally

lower for Experiments 19 and 21 than those of Experiment 8, except for the

outermost radius ratio of 0.963. These differences in the data are just

beyond experimental accuracy. Mixed conclusions are drawn from results

with the radial velocity component ratios. For radius ratios of 0.456 and

0.781, the values are marginally lower; while for radius ratios of 0.633

and 0.963, the ratios are significantly higher for the shallow water trim

experiments. The VTBAR shows no marked difference due to trim. However,

the VXBAR, l-WX, and I-WVX show trends of lower values for shallow water

trim with the shallow water results being the lowest.

DIFFERENCES IN VELOCITY COMPONENT RATIOS BETWEEN EXPERIMENTS

Table 3 presents some of the results from harmonic analysis of the

data from Experiments 2, 7, 3, 9, 4, 8, 19, and 21 for the 0.781 radius.

The analysis of experimental data for these wake surveys shows a trend

toward a higher circumferential mean longitudinal velocity component ratio

for the model trimmed in shallow water with the port propeller turning.

The repeatability of this quantity is good between the R/V ATHENA model

experiments. There is little difference in mean longitudinal velocity

due to the port propeller turning for Experiments 2 and 8. There are no

differences in this quantity for Experiments 19 and 21 due to water depth

at the same trim setting. For Experiments 2 and 4, the difference in

mean longitudinal velocity is about 2%. This difference is explained by

the increased Froude number and change in wave pattern while restraining

the trim to a set value.

The trend in the mean longitudinal data is clearly an increase with

increasing speed-length ratio. Table 4 presents the data for mean

velocity components and advance angles for four speeds at a radius ratio

of 0.781. The trend of increasing mean longitudinal velocity with ship

speed is clearly shown in Table 4.

The data from Experiment 2 without the port propeller operating were

compared to that of Experiment 8 with the propeller operating. No
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significant differences were observed in the longitudinal and radial

velocity component ratios. However, the tangential velocity component

ratio shows about a 2% change due to the propeller operating. The

agreement is considered to be within experimental accuracy with the
present instrumentation.

COMPARISON OF MODEL- AND FULL-SCALE DATA

Experiments 2 and 8 were performed to provide model-scale data for

correlation with full-scale wake survey data. The velocity component

ratios computed from ship and model data are presented in Figures 15

through 18. Table I-1 presents the velocity component ratios for the

full-scale wake survey experiment.

The data from model experiments agree with the full-scale measurements

reasonably well for the outer radii. The large differences in the

longitudinal velocity component in the innermost radius are most probably

due to difficulties measuring model velocities in the vicinity of the

large propeller hub, which is at a significant angle to the flow due to

the shaft angle. The differences between full-scale and model-scale

measurements of the tangential velocity components are also larger for

the innermost radius measured.

The results of the model experiments in deep water at the deep

water trim setting, Experiment 8, and in shallow water at the shallow

water trim setting, Experiment 21, are presented in Figures I-I through

1-4 along with the full-scale data. A study of the velocity component

ratios presented in these figures shows that the degree of scatter of the

full-scale data is higher than that of the model data in deep and shallow

water. In particular, the full-scale data for the longitudinal velocity

component ratios at the innermost radius of 0.456 show the largest

scatter, and the greatest deviation from the model-scale wake. In part,

this scatter is also due to the fact that the longitudinal velocity

component ratios presented are an average of the longitudinal component

calculated from the radial and tangential velocity component ratios.

This tends to magnify any scatter in the radial and tangential velocity

component ratios. Another possible contributing factor to the scatter

10
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of the innermost radius is the close proximity of the pitot tube to the

strut bossings.

The longitudinal velocity component ratios at the innermost radius

are about 10% lower for the ship than for the model, while the peaks of

the tangential velocity component ratios are about 10% higher for the

ship than for the model. At the two outer radii of 0.781 and 0.963, the

longitudinal velocity component ratios for the ship are 2 to 4 percent

lower than those for the model. The peaks of the tangential velocity

component ratios at the outer radii are 8 to 10 percent higher for the

ship than for the model. The radial velocity component ratios at the

two outermost radii are about 8 to 10 percent lower for the ship than for

the model.

The periodic propeller blade loads on high speed transom stern vessels

such as the R/V ATHENA arise primarily from the first harmonic of the

tangential velocity component ratio. Calculations of periodic blade

loads by the method of Kerwin and Lee8 indicate that the periodic blade

loads in the wake as measured full-scale would be approximately 27

percent higher than in the wake as measured model-scale.

CONCLUSIONS

1. No significant effect on the mean wake distribution due to the

operating port propeller was observed.

2. The longitudinal and radial velocity component ratios between

wake surveys at 5.22 knots (2.68 m/s) and 13.5 knots (6.94 m/s) show no

difference except at the 0.781 radius due to the change in model speed

above 5.22 knots (2.68 m/s) when the trim was held the same. The

tangential velocity component ratios obtained at 13.5 knots (6.94 m/s)

have peaks which are 4 to 6 percent lower than those obtained at 5.22 knots

(2.68 m/s).

3. The mean longitudinal velocity component increases with increasing

speed when the trim is fixed. The velocity defect from the shafts is less

with increasing speed. Only slight increases occur in the radial velocity

components with a change in speed.

11
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4. No appreciable difference in the wake is shown due to the water V
depth of the towing tank when the model is fixed at the same trim setting.

5. The setting of the shallow water trim does seem to affect the

results of the wake survey conducted in deep water. However, this

difference is not significant enough to explain the differences between

the previous model and full-scale experiments.
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TABLE 4
EFFECT OF SPEED ON THE CIRCUMFERENTIAL MEAN VELOCITIES, MEAN ADVANCE

ANGLE AND ITS VARIATIONS, AND THE FIRST FOUR HARMONICS

EXPERIMENT NUMBER 5 2 3 I 4

SPEED CONDITIONS 2.87 knots 5.22 knots 6.96 knots 13.5 knots
!(1.48 m/s) (2.68 m/s) (3.58 m/s) (6.94 m/s)

CIRCUMFERENTIAL MEAN
LONGITUDINAL VELOCITY, V X/V 1.030 1.059 1.080 1.079

CIRCUMFERENTIAL MEAN
TANGENTIAL VELOCITY, V T/V -0.002 -0.009 -0.008 -0.001

MEAN ADVANCE ANGLE, 17.24 17.73 18.05 20.84

MAXIMUM POSITIVE
ADVANCE ANGLE, +AU 1.10 1.48 1.42 1.56

MAXIM1UM NEGATIVE
ADVANCE ANGLE, -AB 1 -1.85 -1.87 -2.31 -1.95

±

FIRST LONGITUDINAL HARMONIC 0.0248 0.0182 0.0103 0.0279

SECOND LONGITUDINAL HARMONIC 0.0185 0.0143 0.0147 0.0122

THIRD LONGITUDINAL HARMONIC 0.0079 0.0093 0.0093 0.0099

FOURTH LONGITUDINAL HARMONIC 1 0.0047 0.0017 0.0025 0.0043

FIRST TANGENTIAL HAPMONIC 0.1966 0.1950 0.1932 0.1404

SECOND TANGENTIAL HARMONIC 0.0054 0.0016 0.0037 0.0094

THIRD TANGENTIAL HARMONIC 0.0021 0.0022 0.0042 0.0049

FOURTH TANGENTIAL HARMONIC 0.0022 0.0019 0.0027 0.0010

All data for r/R = 0.781 Radius
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TABLE A-i14

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATH ENA,
MODEL 5365, EXPERIMENT 2

.95 Nil5 .8.t -.04

Ma. .525 -. 1SO -. 103 1.? 57 .6 -. 055 13.1 0.67 -.1 It11 M,5 2 55 .Ott3
141 . ol .54 -06 1. I.,1 -.05 a.5 66.6 13.2 -. 661 1.1 1. :11" -52 .330.8 ~ ~ ~ " .56 -. 5 -. 00 15. 5.? .6 .61 66 300 -06,.1 54 .4 . .6

1 5., .1 35 V. .5 -. 03 -. 36 648 105 -86 3V 1. 55, .s .4

37. 1.0? -.21 -65 1?? '.634' 16 -. 38 21 .3-1 -. 3 7.4$ 1.53 -.073 -. 143
14.? 3.15 -630 -.66 352 0575 .~6V -115 5.5 1.8 -636 .13 35.3 1.0r1 -.16t-s 7

50.0 1.365t -.153 -.065 45.6 3.536' -.13 -.11 12. 66 .IV -1? 3,.3 -. 316 -.162
4.? .0..28 -36 5. 1.06 -.165 -. 5 3.7.1 1.06 -. 2a: 3 4. 1.175 L.15 -55

465 116 1p,53 55.? 1.42 .7 .3 3V 3.6 56 .1? 6.6 605 -55 .4.? 1.1p74 _.1?? a.0 57 162 -16 -01 3. .36 -15 -15 4. .7 .4 .3

416 .12 -I2tl -. 51. V. 6 1.66 .62.157...7 .3 .6' 6. .0 .6 -.05

5.5s 1.175 I.1n 00 5. 1.05 .47 .3 5.2a 1.7 -.17 .?7 57. 6.54 -25

1W.6 1.171 -.471 .553 5. .7 .5 12 66 167 -2? .35 155 357 -15 .5

14. 1.1? -.076 .163 204s.6 1.57 0? 17 17. .7 -. 177 .155 166.. .2.3 .54 16

27.6 .13 -. 6 .16? 15. 1.636 .053 .30 143.2 1.66 .. a" .140 168 .40 -13 1514.5 6.122 -o0n .010 5. .2 ter73 .122 26.6 .5 .6s36 166 10* -85 .6178.6~ ~~~~ ~ ~~ 2. 1?. 1 12 6 . . 3 56 .7 3 . . 6 . 4 34 3 6 7 1 6 7 . 7 . 6
178.6el 6.7 .65 .12 236 ".7 .65 16 176 181 -63 .6 ?8 102 -26 .6

M23. 1.177 .12 .365 714. 6.7:15 .5t7. .4 .61 .7 5. .6 96 .5

15.s.7o07 .66 783 150 .5 .061 27. 2.7I-86 .122l.l.13 .4 .156

235.? 0.162 .166 -.50 62 6t. .645 .72*1 -. 615 .67 85 .6?2. .6 36 .1

2 3 3. 1.1 7 3 .1 7 .5 7 * . . 6 . 2 0 5 -. 5 6 2 0 7. 6 I .* 7. M55 . 5 1 . . 4 .1 71t . 6
27. 3.2 .35 .66 75. ."6 .61 -88 73T1 3.5I6r.21 7t6664 15 .3

267. 614 .0 .47 3.6 1.067 .0 117 -. 86 215. 1.3 .64's l. .6 .88" .7

27.7 6.136 .7 .600 332.6 t1. t 162 .4 73. 1.54 . .3.6 28.".4 1 -. 2
773. 1.162 .7.52 314.4 1.3 .253 -. 12 351 26%.8 .13 /06.6 0.60 .265 .822742 .17 .7? -. 62 366 .63 .66 -. 175 22. I .5 I 31 .50 2*".7 6.6 .31 55

337.3 3.r .11* ::7 81 3"06 0.637 .13 -its5 735.6 2.665 .26 .5 16. 162 .5 .6

35.1 16.1 06 .66 37.4 1.0130 -13 6. .7 .5 .17 35. 1.030 .346 .6
118. 2.1N 6 .7 1. 366 .6 .4 ..66 .10 .66 16.. 1.62 06 ".7

3216 636 .35 -87 33.6 52 .16 -60 72.6 1.663f .157 . 33.7 0 .63 t 65 I.3

343.1 2.070 .116 -. 087 164. 6.6 I03 -&2 ::5. 3.5 .0k05 2.0 3.047 .03 -. 3

35.0 1.6081 .666 -.89 5. 56 *06 -65 155 063 .3 50 303 462 . .6
375.1 . 2A 0 -. 88* 15. .57 -0? -. 7 2. 186 .171 -41 16? 684 .6 .7

330.7 .504 .007 -~.07 33.g.6o68t.2 4. .60 .7 .7
343.6 0.660 :.05 -. 60642.1.6 25 -. 22 043 25' .5 .~

317.6 0.660 .635 -. 826 ~ ~ ~ ll:37. 2.6 *11 .16 306 54 .57 -22

367.0 6.637 .664 -. 82? 375W.3 .5 26 -25 36. 50 .4 .6

3508 50 .68 66 41.1 .556 .243 .

33.6.84 .45 .6
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TABLE A-7

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, EXPERIMENT 7

INPUT DATA

RADIUS a .456 RADIUS x .781
ANGLE VX'IV VT/V VR/V ANGLE VX/V VT/V VR,'V
-1.1 1.002 .013 -. 003 0.0 .991 -. 002 -. 097
8.9 .970 -. 010 -. 033 46.6 1.037 -. 133 -. 109
18.0 .954 -. 132 -. 086 90.0 1.052 -. 196 .011
28.0 1.101 -. 122 -. 094 136.9 1.042 -. 132 .127
38.9 1.105 -. 149 -.089 179.3 1.043 -. 005 .175
82.0 1.122 -. 249 -.026 225.3 1.052 .127 .132
126.0 1.114 -. 206 .056 269.0 1.073 .185 .027
179.4 1.109 -. 016 .102 314.9 1.051 .139 -. 092
223.4 1 .119 .144 .077 360.0 .991 -. 002 -. 097
267.3 1.124 .217 .007
310.0 1.113 .166 -. 067 RADIUS - .963
319.2 1.10* .143 -. 078 ANGLE Vx V VT/V VR/V
329.1 1 .114 .114 -.084 -1.0 1.006 .046 -. 137
338.0 .989 .111 -. 070 19.0 .96t -. 053 -. 144
349.1 1.013 .041 -. 022 39.3 1.026 -. 108 -. 160
358.9 1.002 .013 -. 003 59.3 1.041 -. 151 -. 112

91.1 1.053 -. 184 -. 017
RADIUS w .633 135.1 1.048 -. 128 .107

ANGLE VX/V VT/V VR/V 180.0 1.052 .003 .159
1.0 1 .003 -. 020 -. 069 224.8 1.051 .125 . I13

45.4 1.042 -. 131 -. 109 270.7 1.063 .184 -. 003
91.2 1.067 -. 196 -. 006 291.1 1.057 .178 -. 057
136.0 1.038 -. 129 .096 310.0 1.056 .150 -. 109
181.0 1.026 .016 .131 331.1 1.025 .154 -. 149
226.0 1.002 .166 .080 351.2 1.030 .074 -. 159
269.1 1 .047 .220 -.021 356.8 1.007 .053 -. 150270.0 1.047 .220 -. 0n0 359.0 .991 .049 -. 140
280.3 1.053 .215 -. 045 359.0 1.006 .046 -. 137
304.3 1.040 .181 -. 099
317.0 1.036 .155 -.113
338.0 .972 .039 -.120
352.0 .972 .017 -. 098
359.3 .966 -. 019 -. 076
361.0 1.003 -. 020 -. 069
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APPENDIX B

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENTS 3 AND 9
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TABLF B-7

INPUT DATA FOR HARMONIC ANALYSTS FOR R/V ATFENA~
MODEL 5365, EXPERIMENT 9

INPUT DATA

RADIUS• .456 RADIUS• .781

ANGLE VX/V vT/V VR/V ANGLE VX/V VT/V VR/V

-1.0 1.014 .023 -. 010 2.9 1.015 -. 025 -. 092

17.6 1.003 -. 098 -. 076 48.7 1.052 -. 137 -. 104

45.2 1.122 -. 168 -. 084 89.1 1.063 -. 190 .007

63.6 1.121 -. 217 -. 053 94.6 1.070 -. 188 .023

63.6 1.124 -. 216 -. 058 133.2 1.058 -. 136 .127

91.1 1.137 -. 241 -. 007 140.0 1.054 -. 117 .142

109.0 1.132 -. 228 .031 179.0 1.075 .002 182

135.0 1.129 -. 170 .076 179.0 1.076 .002 .182

155.6 1.136 -. 097 .099 225.5 1.075 .134 .T35

179.7 1.131 -. 003 .111 271.4 1.092 .191 .013

193.0 1.136 .055 .108 316.0 1.072 .128 -. 116

224.2 1.138 .159 .081 349.3 1.024 .025 -. 127

240.0 1.145 .196 .055 351.3 1.020 .016 -. 121

269.6 1.137 .225 .002 355.6 1.027 -. 017 -. 111

269.7 1.145 .224 -. 002 362.9 1.015 -. 025 -. 092

286.1 1 143 .215 -. 034

315.0 1:131 .148 -. 081

331.0 1.121 .116 -. 093 RADIUS a .963

359.0 1.014 .023 -. 010 ANGLE VX/V VT/V vR/V

361.0 1.014 .023 -. 010 -. 5 1.011 .036 -. 135

-1.0 1.009 .036 -. 137

RADIUS .633 45.5 1.050 -. 120 -. 145

ANGLE VX/V VT/V VR/V 91.2 1.071 -. 177 -. 014

-. 3 1.013 -. 035 -. 070 135.1 1.056 -. 124 .115

46.0 1.048 -. 133 -. 111 180.9 1.066 .009 .169

91.7 1.091 -. 189 -. 007 225.1 1.066 .133 .119

137.0 1.053 -. 122 .102 271.0 1.074 .193 -. 011

137.0 1.056 -. 121 .101 316.0 1.063 .135 -. 146

183.4 1.049 .032 .136 359.0 1.009 .036 -. 137

225.5 1.047 .168 .080 359.5 1.011 .036 -. 135

271.0 1.071 .225 -. 032 360.5 1.011 .036 -. 135

315.7 1.059 .152 -. 129

330.8 1.064 .117 -. 155

340.0 1.047 .035 -. 126

351.0 1.016 .005 -. 101

358.0 1.014 -. 035 -. 074

359.7 1.013 -. 035 -. 070

i
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APPENDIX C

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENT h
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TABLE C-1

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, EXPERIMENT 4

Slnlus • .431 6l73t07 * .733 l073103 * .707 6l0l+3' •.'7

6.6 .*3 -.03? -.0v3 -. o .333 -.064 -.776 2.0 2.031 -.003 -.774 .7 .37 *+ -. k
00.6 *373 -173 -.83? 3.6 .333 -.637 -.374 66.3 I.630 -l'3 -. 773 3.0 .331 -.003 ..'3
34.8 .373 -.633 -. 036 03.3 0.6Z0 -.036 ..33, 00.4 6.O237-.43 -.337 26.6 *417 -. 04y -.733
00.4 .373 -. 002 -. oo' 03.0 .373 -.004 -. 707 4.0 0.037 *.031 -.731 03.3 6. . 33t *€4 .3
26.7 .33q -. 473 -. 030 83.3 .347 -.843 -. 100 74.0 0.673 -. I34 -.033 73.2 .431 .C+ -. m
77.7 0.233 -.146 ..03 27.3 .333 -.204 -.774 71.' .3. 0 .. 1 -. 102 33.0 3.003 -. *174 .47
03.. 4.430 -.114 -.703 31.3 3.644+ -.001 -. 373 70.6 6.633 -.114 -. 134 33.7 3.073 .IO *.+
30.4 t.016 -.303 -.037 33.0 0.034 -.307 -.027 30.3 0.043 -. 703 -. 11 33.7 1.3??. . . .7-*t
46.7 1.163 -.203 -.307 33.6 1.033 --337 --734 40.7 0.633 -.030 -.40! 42.7 I00 -*,7-*
06.4 h.133 -.341 -.337 33.0 0.036 -.023 -.07* 33.0 0.011 -.133 -. 747 43.2 j.673m -.033 -.177
66.4 1.117 -.087 -. 07101.66 .04* -. 137 -. 076 40.4 0.047-. 373 -. 044 46.7 3.077 -. 170 -. 163

166.4 1.073 -.203 .311 73.3 1.0O43 -.334 -.334 72.0 3.0'. -. 334 -.031 40.0 0.647 -.31 .P
100.6 0.070 -.311 .044 00.3 3.637 -.337 -. 70? 30.4 3.032 -.012 .606 3q.0 2.241 -. 074 -. 744
036.6 0.12O -.177 .74 33.4 1.636 "-134 .303 33.2 0.003 -. 147 .730 33.0 3. 0'4-.1'' -. 00
140.6 0.176 -. o13 .037 103.4 0.243 -.0t4 .73 10o.m 0.303 -. 333 .714 33.3 0.20o -.373 .416
I'*.6 1.017 -.077 .730 133.4 3.273 -.073 .o03 0l0.1 0.o03 -.033 .31m 034.7 2.04m *.33 .043
033.5 0~~m.013 60 .333 133.7 0.67. ".03 .110 046.3 0.23-3 ".207 .131 103.0 0.310 -.031 .044
033.3 0.072 .033 .037 030.6 0.673 .01 .172 340.3 0.633 -.*7~ .133 173.7 t.6'3 -.21+ .733

203.3 0.173 .o36 .733 773.1 1.277 .323 .031 130.2 1.030 -.604 .733 143q.3 0.30 -.€71 .774

213.0 1.177 .033 *771 233.1 3.677 .433 *0
a  

030.6 0.634-.o063 .334 143. 0.040 -. C17 .*74
773.3 6.173 .041 -. 00? 746.7 3.073 .043 .33l8 036.6 1.101 .01' .o7 433.4 0.244 -.r7 .777

306.3 0.004 .637 -.273 743.0 2.233 .271 -.001 773.7 0.63 .2qt .t33 t'3.0 0.073 -. 307 .4
377.6 1.061 .037 -.707 201.0 1.642 .7t -.o33 241.1 0.6O33 .033 .370 1'3.2 1.040 .03' .740
332.6 2.023 .000 -.042 733.4 0.648 .043 -.043 241.3 43O33 .140 .470 100.7 4.043 ,441 .74?
337.6 0.167 .000 -. 034 306.7 0.034 .337 -. 030 74t*0 1.63 .303tt .071 133.4 0.643 .044 .047

334.3 0.637 .077 -.037 363.4 0.634 .033 -.000 270.6 0.123 .0'4 .337 733.2 0 .047 .04? .3
330.6 0.063 .033 -.043 370.0 3.637 .307 -.336 731.6 0.10 0 .237 .073 703.4 0.347 .000 .103
307.3 0.810 .037 -.213 301.6 0.644 .663 -.330 730.6 h.08o .211 -*014 273.6 3.034+ .003 .314

044.7 60 • .074 -. 036 330e7 0.67 .34 -. 033 10.6 0.602 .233 -.0q1 233.4 3.6s0 .000 .703
33. 064 .03 -00 3.7 t.333 .001 -.044 308.7 0.603 .007 -. 076 743.4 0.24 .033 -*747
34. .t .6 -03 3. .3467 .031 ".373 320.4 0.67 .703 -. 334 710.3 3.33 .343 -.¢l0

340.8 0.63' -.31 -. 071 37.6 h337 .O7* -.107 773.3 0.030 .740 -.774

34. 167 .06 -41 7.0 I.33 .371 -.747 2t0.3 h.034 .144 -. 4

031.4 0.603 -. 034 -. 7 Is 333.6 0.6' .73 -.

333.0 It63 I03 .ot .lt. ~

333.7 %.0 s

303.3 t 3.7 .3o1 -. 71.
3.3 .. 17 .043 -. 741
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APPENDIX D

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

EXPERIMENT 5

127



0.6 -

.1

0.2

-0"2

-20 0 20 40 60 90 100 120 140 160 ISO 200 220 240 2160 290 300 320 3AG 360 390

RNGLE IN DEGREES

VELOCITY COMPONENT RRTIOS FOR MODEL- 5365 CORRELRTION WITH R/V RTHENR S

Figure D-1 Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio =0.456

for Experiment 5
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and Radial Velocity Component Ratios -Radius Ratio -0.633
for Experiment 5
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INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHEAI
MODEL 5365, EXPERIMENT 5

A~l q $ .10S -.,s q~ .si -.Ol -eo% le.l .- , -. 643 -. 100 . .l ti .I
4.4 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i -q6 -ll -It Sl * *$ *t XI *4 .093 -. 1#- . .i II *l

O.I .4.3 "I ::rl %, q4 =Iq .I~ I *f .!5 *II I * .114 -II
Ip.I .II -*|l -.Il lqq .FI *III .lr l '"'As~ *.O . t. UA* 3" .II **I

1 Of.l .I .Il 1. o .I - 8 0 .~ .l I.I U..I .441% -. or% -. I
16°lt Is1-1 -Il I .II -#4 .II . lIq *lt .l$ l. .41. -. 03, -I~

ezIl .11 -II l.l lq -II - 1 I. °l .~ -lot lql ,ll -I *l
II. :: If~ 183 * ? 1. ql -II *I ql * I "I *II 1. ls *I4 *I

at.- IO .I * I *l *I .1 tI* 1.401 ::1 .ItI .. I.,~ *I "lq

1^1 .I .l .Il I* ~ l *l -lq b~ I -*IP *tI .1... ..0. l .
AO II -I.0, -*If .. 6q.*II -*1.6 1. $1* t°Its "*ll -. I .. I. *I? -. I

II .toc ::1 -* .4. zlO n -. 4 . II lI., - is I :9 I4% -. 10% ** I
|I~l ~ ll *Ill °Iq !*l llql *l~l *Ill l°! fils **lq -. ll 3.0 ~ l .I .I

qlo! l. I~ **l& .. i l!.l llql -. III -9 ::*l 11"l *.- -11,I I.I .1 *.l
q ~ ~ 1 I*1 .l -gl 9q.8 l O *.I -. S tl. h,~ -no 9 lql lIl *.l *

4 .l ~ ~ ~ :C 64l °P4 -Ol l.O V*O -. I -'ll -I2. 1 .I le *:.A *a s l ,l "Il ".l

lq~~~~~~~~~~l.1 -.Il *I * q* ~ q .*Is lO I * ~ ~ * Il l4 ll *l .~
tl lll ' *l ~ ~ l |I

•  

*Il .Il I"1* :Ns o% .I I~ °~ -. 1, -II

lql It.l ..P., -Ol lq lll *14 ll l~ lO& -1l .f h ~ ~ .H *I

ll ~ lq -. O .I ll. Ior?.lA A 151.3 lzl *lg .fts~ .Il .ll .I

2 . 1 4 4 ItIi 1 6,1 Z* I V , ' ~ l I - 1 9 c l . . 1 . 13*4 l ~ * I I * I l . i
t". 2. Isq. .~l *i,, Is.Ill I•$ *l Il l. lll *l

l l l~l . I .I N"* .I .k I9 lll lIl il .A I. .4 . .
1~ 1. 12: . 1 1 1 . 1 . I * I l l I . . 3 .3 . i l 1 8 . l . I I - .4 I
I . t.118 1..pe .I Ilq IOA .~ II ll lll . l9 IOt.I 2.8tl . I t I

I .'s-. I 2, I . 0 . 1 O I oo. . i t .~ l l l l O q .q .s o1$ I . l .I I
t itl I I. l t II 7 l~ I T , ~ .O q . l I I l l l f r I 1 1 1 I lIq . l
1.9• It I *l soI 2.1.9 1•.9- .I44 Oool 1.9.4 632,lb Il ll~ ~ l -O .

3,lo 1*, I -*, I .11, ::,,' #tI Il .I L l I I . lO~l I~ i l l
I .O l~ll -• I lip q°O l~l .AA .ll ql~ l•Il * 5 191 IO* IoII *OO0 *Io

311.p 1.03: -. 1 Il36qlO
M 

. *it Il III *Il *I l* ll * •I

714.0 t.I to l qel p6. l.I l .l 1. *l lq .l i. *l I& .~

1. . 1. 1 it -* I I ? .(o61 ilq a t.02. . 4?1 *. 01 3 of I h1.., . I -. II6 .1. 1. -.I Is.

9".2 1.10? *I .S 111 IIA .M .II ll . 1i1.-1~ IFI•4 ::1'3 *I -t

01• oP 14 -ll $iI .I4 . o1 I O . A .l -. 041 111:,* 9.' $ .

3
.

.1 1%-.1 .119t 831 I . q .f - lqlq l IIA *~ -. 11I
III.8 I 1O .3, "13 1:006 .61*1* III oI II *I

114. .q *IA -. ql 511o .ql -. ll *I III I I*II II Ink.r

4"t %I *q m q~ q .€I * 4" IOI *I *r
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TABLE F-i

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, E[PERIMENT 8
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2 1. **2911 *163, 3.9669 -67 *~ 196: ~ ~ ~ *.7

136.6 6.136 -.263 .693 9.9 1967 -.212 .629 123.1 1.696 -.11% .6-,1.:.9- . 21 .3

199. 6.33 -622 .6 61.6 16 -.'6 61 691 669 -66 9 7.6 4.4, ::1,# .399
693.9 .2 - 1 .163 1. 11 9 . 9 6 6 696 662 -66 .4 7. 1.8%6.66 .9

676.6 ~ ~ :" I.632 -. 6 16 3. 162 -. 9 176.6 9.09Z -.66 .69 666 666069 .9

6699 6669 .69 .67 932 1692 -. 19 121 69.9 1.1.16, 6? 21. 6.69 -.410 .19

267.9 6.669 .676 996 66.2 .636 -.279 .6326. 1.9 .61 16 22 9 1. 7 .29 .1

2696 611 .66 .61 1962 .9 .9 . 1 1. 6 6.69 .6! 69 239.9 1.699 111 .
21. .676 .19- 7. 6 .61-.6 .3 216.6 '.844 .6167 .19 236.6 6.0"t .6 .6

2269 .12 .69 66 177. 1.929 -.,So .17 26. .9 * 19 9. 4662 .69 .9

297.6 6.32 .696 .69 166.9 6.63 69 .216. .1 12 .6 6. .7 62 .1

293.6 6.130 .21 .2 19.6 6.636 .6 .66 29. .669 .1M .7 6. 169 .6 .2

267.6 6.636 .219 -. 29 23.6 6.696 .176 .612 276.6 6.663 ."I's .66 362.6 I.9 11 .

116.4 6.629 I:2 -. I 262. 6.9 26 .149. .6 1. -. 2.6 I.e., .167 -.316
369. 1.1. ::W6 -"7 29. 1." .26 ,, 61" 26. I.7 .7l -. 9 37. I.6 .6'A'.9

66. 669 .696 ..629 2991 163 .6 .6 136 666 .6 .9 376.6 6.9 .62l I's39

319.1 6.1s9 .633 - too76.6 1.64s 121-.66 97a2 6.69 . ..69 66.6 6. .69
327. 6.2 69 -. 6 6. .669 .6 . .36 369.6 1.99 .3 .11 6.1 .79 .7 -. 6

636. 1.616 .626 J -. " 362. I.69, 69 -66 7. .76 .3 .6

336.2 1.667 .0:8 .61" 367.7 I.9 66 -69 31. .6 66 -.

312 1.69 .9 .6 3. . 696 -.69 639.1 6.677 .jG -.6st
363.6 .2 63 .1 33.a.7l.6 -.69 696.6 6.67 .66 -.
667.1 6.636 .622 .66 I 3. .97 - 9 :"969. .16 .7 -. 3

699.6' .413 .69.2 N.619 399.6 .676 .:by ..

139.3 .9 69 .6
393.9 6699 .66 -.62

319.3 6.6 .66 62

Sol.# .444, .661 -69
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APPENDIX G

VELOCITY COMPONENT RATIOS AND HARMONIC ANALYSIS

FOR EXPERIMENT 19
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Figure G-1 - Circumferential Distribution of the Longitudinal, Tangential,
and Radial Velocity Component Ratios - Radius Ratio - 0.456
for Experiment 19
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TABLE G-1

IMPT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, EXPERUMEN 19

66309 * .496 ROOM 03 609 .761 613**4

2.7 92 .1 64 66 .6 .3 -.o4 2.9 1.4 -. 11.1 .6 99 .so, .121 N90 -.66 -.60 4.6 .1 .532 I.3 16.9 1.64 ,~~4 4.6 96 .61 .664.9 .92 .17 *.9 6.9 1.611 -.60. -. X 49 161 .4 .1 .0 .7 3 .
1t"9.6 M .04 .13 -@17 16.6 1.042 -691 -. 69 me. 1.61 -.67 ..... 14. 9.4% -.629 -. Is*
22. 1.641 -.142 % -.14 1,.6 '.4 .9 .4 79 167 -. :41 :.%"So 06 .. 3 '.24.0 1.,6 .4 .9 26 161 -64 -63 2. 1.677 -. 2 .2 2. 93 -. 4 .1

10.0041:11: 6 -. 96 3.614 -. 0 .11 3.9305-.2 .66 3. 9.6 13 -.4.

612. .69. 46. 6.6 7 .195 ::111 "I6. 1.4 . 4 . 7 6. .3 . 6 . 3
$2.9 2.094 . 29 -0 4 446 166 . 3 Sea 92. 3 .6A I .17 . 129 It 6 16 1 .. 1 .

66.6 :,, _.6 .22 . 60 I7. I.0 z",~4. .64 .9 *g 9. .3 -.09, -. 167
44. 3662 -. 77 -. 69 6. 1.690 -. 34q .144 44.9 .7 .9 .60 9. .4 q.4, 1.61466 1.6 -23 -0 4.9662 9 -:39? 46.0 1.,6: -:.143 -.1 t6.: 1.9 .1679 -.6077. 1.02 .2 2 -699 447 1660 -. 46 .69 229 .69 -. 32 -. 6 9 4.7 1.036 -.116 -.67474.3~Vi %.8 . 99 -6 1 0 .6 1.662 -. 126 .. 94 4. .6 9 -. 6 -62 4. .4 . 4 .60.9 3.for ng74 -. "I 76 1.0 .6 - 6 669 113S2 .4 7. .6 -.103 -.1964.9 .666 -. 72 .. 6 n .:6 1.676 -19s -. ft 64.9 6.169 -.l3 it33 7.7, .7 .6 .344.1 1.049 -.27f .64 6.6 326 -o1n 9.9. 60. 1.129 -..616144 666 63 163 .:623

6.9 .3 -.ASO -. "1 64.0 .69 -. 0 -.014r 164 1.146 -224 61 66.6 1..3 -.19, -.6232.614: -29 0 16.:463-.1 6 2. .136 -. 9 .62 144.8 .30 .9
326. o.f9 -. o6 .64 12. 6. .0 63 94.0 .4 -.10 3.6 376.4 1.609 -. 176 .611q144.0 1.g.66 .2 2.6 6.6440 -. 164 .14 449 6.59 -. .12 166 162 34 .19. :. § -13 -.0a6 126. 1.I4: -:,N: .:N? 34. 1.6 -16=3 .:3I3.6 1S -.13 4.3668. a.9t.66 .6 0.9 1.679 -*of .47 64. 1.316 -.674 .39 197.9 t14 -to? .86717164.11 -69 66 14. .-.-. 61 .1 112. 6.11 0.3 4 16.4 1.049 -. 09 .6916. .I24 -..63 M?1 464 16633 -4 .63 66129 -"31 ... 46.4 1.674 -.60 .1"61640:.1 14-92 .690 174.4 164 -.027 .140 364. , 14 $61.49 464 .2 -.659 .111.6.7 1.7 -. 0 .6 1 1484. 1:641 -.,211 V1A 169 6.1t0 -. 611 .144 14. I.6 .N2. .9398.6 t.1.0 _.03 .604 19. 1.62 .02 .164 394.6 1.114 .624, .43 124 169 61 .9
217.0 11093 .099 X67 706.4 ..1.66 .9 920 166 . .31 200.4: 1.640z .64 12762 1167 .13 .62 66.6 1.16 -.662 .14 M 72. ,.0 .S9.19 0. 1.6 .S3 12.1 "1"9 -. 197 .902 ISM 1.63, -. 113 .13 82. 166 .26 .2 744 6.3 64 .0

*0 1.9 .2 .019 794.4 36 1 .204 .0 74.1.67 .6 .4 9.6 1t69.16. .646.6 ,.9 .72 SO 2 22. '12" -.01 N--5 27. .7 .6 01 7. .71 .197 .0too: .30 .21 :64a 174.0 . .61% -6 206 157 .6 .6 224.9 3.003 .614 .4too.6 1:699 .26 0"64 2.6 3.616 .22 -lift 26. 302 .16 .26 206 "I" .9 .2

I9. "I67 .16 846429.6 t.3 6 .116 19. 3.3 t16 "N" 9. "6.0 .8 -63361.4 1.024 .194 -. 7 29o.$ 6.633 "no, .61" 201.6 ".636 .17 I 02 79. 16 .16 .0360.8 36 1 . 6 . 1 6 . . 3 t1" , .619 124.9 1.626 .1#6 t*20 300.4 1. 6 .1 79 M , 06t
n6. .,0 111 .14 344 163 .32t 0 6.6 367 .4 .0 6. .64 .7 t7
342.6 3.024 .347 .006 66.6 1.40 .16 -66 676 464 .9 11 6. 91 .4 .

32.9 0.6 .33.n 9 32, .9 3.63 .102 . 6 7. 1.011 13 .47 326 301 12 .1220. 4. 90 109 -. 16 37 .9 .64 .04 .. 19 32. .93 .6 6 -346 322. 1. 31 041 .11

t4o.8 38 6 . 5 1..067 16.0 1.11 Ill s1 3436 3.404 .024 n. 4 2 . . 2 .693 A n33846. : 6.1 6 6 0 9 .0 .6 4 63 t,56 343. 1.64 .021 1:616 343. :.619 on . 1
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TABLE H-I

INPUT DATA FOR HARMONIC ANALYSIS FOR R/V ATHENA,
MODEL 5365, EXPERIMENT 21

Witus . .%49 -. 3 .900 -033 -. 349 -3.4 i.036 -. $It -. I2 n .. .ng .373 -. In3*:.' 5379 97/9 03/v .099 .02 -. 319-*l 1.3 3.613 -.031 -.314 2.3 .973 .317 --373
-3. .q97 .030 -374I 14~9 .14 -. 01 -. 393 4.9 3.333 -. 337 -. 311 11.0 .137 -. O -. 314. .S .39 37,3 . 0 .37 0. 3.3 -0,3 ....",.8943S.$.
4.5 .7 ~ . 1s .320 34.6 3.34 -. 031 -. 369 33.0 1.033 -. 043 -. 137 39.3 .11 -.-09 -. 330.9 .913 -.02o -,gj 20.3 3.313 -. 43 -. 319 36.9 3.393 -. 37 -. 33. 20.0 .911 -.333 -. 133

33.3 .91 -. st I -. 319 73. 0 -. O -.. 2 3.9 3.3.. -I7 -., 23.3 .9 -. 34. -. 133

36.9 .9l3 ".393 -,n34 29.3 .932 -.I7 .330I 73.3 3,0*4 -,373 -. 123 73.3 .43 -.397 -. 371
33.9 .9ll3 -. ;jI -,ooo 75.0 lII7 -. I0 -. 977 27.0 ,033 -.0 -. 370 71.5 .463 -,0(7 -. 321
73.3 .933l -.i31 - il7 22.3 .399I -. 331 ".333 74.9 3.32 .0716 -. 313 27.0 .993l -. 0~3 - .3

77.0 3.017 -. 143 -. 331 29.3 .,943 43- -. 34 24.9 1.933 -. 217 -. 129 79.3 .943 -. 379 -. 372

74.9 3. 6I 333 - .392 13.74.331 -. $* -. 3I 20.9 go.. *. 944 -. 117 33.7 ., 31 .323 *.117
7.9 3.333 *.333 .304I 93.3 3.330 .334 -. 370 9.6 l.33 -. 346 .319 33.a I,39 -. 174 -. 349

70.4 3.333 -. 319 -. 302 34.0 3.073 -.3 3 3 -. 320 33.0 3.* 0 . 1339 - 4:0 1 39.3 3.37O -. 300 -.39-
74.4 3.321 -. 33 -,373 37.7 3.331 -. 337 .339 33.9 1.37 -.33 -II ,I6I 37.7 3.327 -. 393 -. 341
33.3 3.333? -. 160 -. 374 39.3 3.07 .336I ~ .34 39.4 3.369 -,334 -,3#3 34.0 3.313 -. 332 -.340
33!.3 3.39 -. 317 -.sof 43.3 3.332 -. 332 -. 334 37.0 3.393 -. 323 ,3$7 43q.3 3.371 -. 33. -. 340

31.1 3.339 -. 3 4 -. 30 9 .9 3.044 -,l0 3 -. 36 14o.1 3.349 -.3 7 9 ,. 1 94.9 3.393 -,313 .393
7.0 3.33t -. 335 -. 343 70.0I 3.14 -,704 -.07 99.6 3.49 -. 304 -. 33 74I.0 3.070 -. 309 -. 321

34.4 3.337 -. on 94 3.3 .239 .02 93 333 .73 .4 93 3.9 31 .7
99.4 3.334 -l274 .337 334.0 1.362 -.23" .642 99.6 '.333 -.1& . .334 134.3 3.363 -. 17 .36

323.0 3.347 -fil7 .033 379.4 3.924 -.339 .373 343.3 3.333 -. 331 .l3 374.4 3.093 .039 .394
343.7 3.307 -. 330 .064 379. 3.331 -.393 .36 371.3 1.130 .043 .363 374.7 3.313 .337 .394
343.9 3h333 -.132 .004 399.4 1.370 .033 .132 379.3 3.339 -. 376 .37 399.6 3.677 .369 .347
373.3 3.397 -,l .osI 239.6 .997 .310 .343 333.0 3.326 .39 ,347 231.6 3.30' .174 .300

333.0 3.391 -.420 .039 299.7 .999 .396 .340 734.3 1.396 .333 ,337 299,7 3.334 .347 .360

243.3 3.334 239l -.034 $1297 3.023 .34 -. 137 330.3 3.374 .376 - .974 374.7 $10 .334 .330

loss .ssI .304 -. st 37.7 ll .33q -. 329 17.6 .024 ,374 -. 363 329.7 3.034 .1l -. 344
329.4 3.397 .337 -,uq 343.7 3.343 .007 -. 133 324.1 1.329 .371 -. 313 1333. .933 .343 -. 347
377.4 3.O14 .376 -.049 439.0 .994 .333 .393I 333.3 .921 .373 -,64 339.3 .906 .363 .337p
329.1 3ol33 .339 -. 391 337. .97 .331 -. 147 334.9 .923 .372 -. 394 337,7 3.9'9 .359 - .374
337.9 3.334 - 331 -.393 399.0 .937 .363 -. 339 336.6 1.363 .337 - .333 339.3 3.327 .39I -.340
431.9 3.393 oI73 -,III 343.3 ,993 .339 -. 309 343.0 3.034 .373 -. 343 341.3 .934 ,I33 .344
333.3 3.039 .373 - .136 31.3~ .943 .330 -.336 363.0 3.037 -,37 - .362 349.0 ,499 ,I93 -. 1I0
*lo.l ,s'l *ll -.. i 344.3 .934 -. 036 .332I 364.9 3.079 .364 .333I 314.9 3~ 336 -,337
363.3 3.3II .343 -,* 399,7 .903 -.33 .349 340.9 3hill ,344 .347 399.7 .933 .I73 -. 370
343.9 3.333 .343 -. l., 397.3 3.32' .930 .363l
363.9 3.330 .043 -. 363 346.6 3.341 "*333 .974

394.4 .977 .033 - .376

343.3 .963 .036 -.334
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APPENDIX I

VELOCITY COMPONENT RATIOS FOR R/V ATHENA

AND MODEL EXPERIMENTS 8 AND 21
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4

DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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